NOTICE;  When  government  or  other  drawings,  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever;  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related 
thereto. 
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Material  -  Adhesives  -  Structural  -  PH-47 
(Bloomihgdale  Rubber  Co. ) 

Tensile  and  Peel  Strength  Relations 


Abstract 


Tension  (Mil-Std-401A.)  specimens  and  T-peel  specimens,  which  applied  force 
normal  to  bond  lines  at  a  constant  linear  rate  of  failure  in  the  bond  be¬ 
tween  two  bonded  aluminum  alloy  strips,  were  prepared  with  fiberglass 
cloth  reinforced  (supported)'  and  non-re inf creed  pm-47  (Bloomingdale  Rubber 
Co.)  structural  adhesives .  Generally,  all  adhesives  used  were  p re -cured 
at  22C°F  for  one  hour  prior  to  bonding  at  320 °F  for  one  ,4ur  under  a 
pressure  Of  100  psi.  Various  combinations  of  testing  temperature,  adhesive 
weights  and  bond  line  thicknesses  were  tested  to  arrive  at  an  empirical 
expression  which  related  the  metal  peel  strength  of  FM-47  bonds  to  the 
mechanical  properties  of  the  resin  and  facings#  This  relation  is  given 
as  follows : 


FID 

W 


=  K  T 


E 


where:  F  =  applied  force,  pounds;  d  =  moment  of  applied  force,  inches; 

W  =  Width  of  specimen,  inches;  K  =  a  constant;  Ts  -  strength  of  resin 
in  pure  tension,  psi;  m  =  thickness  of  facing,  inches;  t  =  thickness  of  _ 
bond  line,  inches;  and  E  =  modulus  of  elasticity  of  resin,  psi. 
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INTRODUCTION: 

FM  47  adhesive  (Bloomingdale  Rubber  Co. )  is  a  high  strength  adhesive  With 
low  creep  characteristics.  It  does  not  require  refrigerated  storage. 
Compared  with  other  adhesives,  its  cost  is  low.  It  is  somewhat  brittle 
at  75JF.  (as  compared  with  rubber  based  adhesives)  and  has  lower  measured 
peel  strengths.  Aircraft  parts  are  not  Ordinarily  subjected  to  peeling 
loads.  But  design  engineers  are  concerned  with  the  possible  implications 
of  low  peel  strengths. 

Uj-JEOT.; 

The  purpose  of  this  investigation  is  to  answer  the  following  questions: 

1.  What  are  the  peel  characteristics  of  FM  47? 

2.  What  is  the  Significance  of  these  characteristics? 

3*  How  are  these  related  to  the  mechanical  properties  Of  the  resin  and  the 
facings? 

4.  What  techniques  with  FM  47  may  give  more  favorable  characteristics? 
DEFINITIONS: 

To  peel  is  to  separate  bonded  facings  by  progressive  failure  starting  at 
one  end. 

1-peel  strength  is  the  force  normal  to  the  bond  line  required  to  maintain 
a  constant  linear  rate  of  failure  in  the  bond  between  two  bonded  strips. 

The  standard  test  used  in  the  Engineering  Test  Laboratories,  CSD,  is  a  rate 
of  failure  of  five  inches  per  minute  between  two  .020"  x  1.0"  x  9.0"  2024-T3 
alclad  strips. 

The  terms  brittle  and  flexible  as  used  in  this  report  are  arbitrary.  A 
brittle  adhesive  is  one  which  fails  by  fracture  in  the  temperature  range 
of  a  test. 

A  flexible  adhesive  is  one  which  fails  by  creep  rupture  in  the  temperature 
range  of  a  test, 

CONCLUSIONS; 

The  metal  to  metal  T-peel  strength  of  FM  47  bonds  is  related  to  the  mechani¬ 
cal  properties  of  the  resin  and  facings  by  the  empirical  equation: 
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F  =  applied  force  (pounds) 
d  =  moment  of  applied  force  (inches) 

W  =  width  of  specimen  (inches) 

K  -  a  Constant 

fs-  strength  of  resin  in  pure  tension  (psi) 
m  -  thickness  of  facing  (inches) 
t  -  thickness  cl  g Lae  line  (inches) 

E  =  modulus  of  elasticity  of  resin  (psi) 

(See  appendix  for  derivation) 

When  9  x  10  psi  is  taken  as  Ts  and  6  X  10  ^  psi  as  E,  K  is  about  3  for 
2024-T3  alcled. 

FM  47  poms  fail  by  fracture  in  the  temperature  range  from  -90 °F.  to  +  100°F . 
and  by  creep  rupture  in  the  range  +  110°F.  to  190  °F.  (Tables  II  and  III). 

The  force  required  to  maintain  a  Constant  rate  of  peeling  is  increased  by 
increasing  the  rate  in  the  flexible  temperature  range,  but  it  is  only  slightly 
affected  by  rate  in  the  brittle  temperature  range.  (Tables  II,  III,  V). 

The  strands  of  fiberglas  mesh  in  the  adhesive  act  as  expansion  joints  in 
the  resin.  Their  primary  effect  in  peel  tests  is  to  increase  the  flexibility 
of  the  failed  facing  and  its  attached  resin  throughout  the  brittle  tempera¬ 
ture  range.  These  expansion  joints  may  slightly  improve  load  distribution, 
but  the  evidence  of  tests  is  still  inconclusive  on  this  point. 

Forced  drying  of  both  FM  47  primed  surfaces  and  FM  47  film  in  a  vented 
(not  circulating)  oven  at  220^.  for  one  hour  is  necessary.  Failure  to 
force  dry  the  film  as  well  as  the  primed  surfaces  has  resulted  in  poor 
bonds. 

Peel  strength  tests  show  no  inadequacies  of  FM  47  as  a  structural  adhesive. 
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Standard  peal  strength  tests  are  raGoiiiueiided  Tor  quality  control . 

The  uata  reported  on  standard  peel  tests  are  not  svi f'ioient  for  engineering 
evaluation  a.  J  are  a  t  recori  e:  dei  as  a  reliable  Source  for  design  infOnl- 
ation. 

TEST  SPECIMENS  t 

T-peel  test  specimens  v/ere  one  inch  wide.  Specimens  with  numbers  preoeded 
by  the  prefix  f  were  bended  al  sixteen  by  sixteen  inch  panels  and  cut  into 
strips  using  a  table  saw.  Specimens  with  numbers  without  a  prefix  were 
bonded  as  individual  Stripe. 

Drum  peel  test  specimens  were  three  inches  wide  and  bonded  as  individual 
specimens . 

Tension  test  specimens  were  one  by  one  by  one  inch  aluminum  alloy  cubes 
bonded  together  in  pairs. 

All  FV  47  adhesive  liquid  and  film  used  in  this  test  had  been  Stored  in  the 
laboratory  for  at  least  one  year  without  refrigeration  and  Without  apodal 
wrapping  or  oare.  One  lot  of  flf  47  liquid  adhesive  had  been  Stored  in  the 
laboratory  for  at  least  five  years. 

All  FV  47  primed  surfaces  and  film  on  test  specimens  reported  Were  force 
dried  for  one  hour  at  220®  F  as  recommended  by  the  Bloomingdale  Rubber  Co. 

Unless  otherwise  noted  in  notes  on  tables,  the  bonding  time  was  60  ±5  min., 
the  bonding  temperature  was  320®F  ±10®?,  and  the  bonding  pressure  was 
100  ±10  psi.  Part 8  were  cooled  to  150®F  under  pressure. 

AF  32  tape  on  EC  I860  primed  surfaces  was  used  where  comparisons  with 
rubber  based  adhesives  were  desired, 

TEST  PROCEDURE; 


References  j 

Tensile  test  (in  tension)  -  MIL  STD  401A 
T-peel  tests  ®  CSD  Spec.  22-01310 
Druri  Peel  Test  -  MIL  STD  401A 

Standard  test  proc-dures  'were  used  as  far  as  possible.  These  vrer-  modified 
only  to  the  extent  necessary  to  obtain  the  information  desired. 

Appropriate  sketches  to  illustrate  test  procedures  used  are  included  on  eaoh 
Sheet  of  tabulated  data. 

The  moment  of  the  applied  force  in  T-peel  tasts  was  measured  with  a  straight 
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TEST  PROCEDURE;  (Continued) 

edge  and  rule.  The  machine  Was  stopped  for  measurements  of  the  moment 
When  testing  Within  the  orittle  range  of  the  adhesive.  It  was  necessary 
to  make  measurements  during  the  application  of  the  load  When  testing  with¬ 
in  the  flexible  range  of  the  adhesive.  The  probable  error  in  measurements 
of  the  moment  of  the  applied  force  is  estimated  to  be  ,05  inches. 

Force  measurements  reported  are  from  automatic  recorders. 

There  Was  some  difficulty  during  the  tension  tests  of  FM  47  due  to  shearing 
of  Steel  pins  and  deformation  of  aluminum  parts  under  load.  Some  of  the 
deviations  in  values  may  have  been  due  to  uneven  application  of  loads,  i.  e. 
deformed  parts  not  aligning  properly.  (Table  I) 

RESULTS:  Results  are  tabulated  in  Tables  I  through  V. 


T-peel  test  data  first  collected  Were  found  to  be  ineonplete  and  useless 
as  soon  as  attempts  were  made  at  analysis.  Other  T-peel  tests  were  there¬ 
for  undertaken  in  which  the  moment  of  the  applied  force  was  measured. 

In  drum  peel  tests  it  was  found  that  the  skin  at  the  point  of  failure  does 
not  Conform  to  the  surface  of  the  drum.  The  flange  on  this  apparatus  in¬ 
terferes  with  measurements.  The  data  on  this  test  (shown  in  Table  V)  is 
useful  only  for  possible  indications  of  creep  characteristics  at  75JF. 

FM  47  supported  film  is  manufactured  in  three  weights  .03,  ,05,  and  .07 
pounds  per  square  foot.  The  threads  of  the  fiberglas  mesh  are  spaced 
about  .1  Inches  apart.  The  unsupported  film  (type  0)  is  intended  for  use 
in  filling  spaces  where  there  is  a  mismatch  of  parts. 

The  fiberglas  strands  do  not  supply  enough  bulk  to  appreciably  change  the 
mechanical  properties  of  the  resin.  They  are  found,  however,  to  act  as 
expansion  joints  in  the  resin.  Examination  of  failed  peel  specimens  shows 
the  facing  material  to  be  bent  back  sharply  along  each  transverse  strand. 
These  bends  follow  each  transverse  strand  exactly. 

The  FM  47  resin  remaining  on  the  failed  facings  of  peel  specimens  add  to 
their  stiffness.  The  fiberglas  strands  allow  the  failed  part  of  the  fac¬ 
ings  to  bend  more  readily.  This  decreases  the  moment  of  the  applied  force, 
and  the  force  reading  increases  sharply.  When  two  layers  of  film  are  used 
the  strands  are  brought  into  more  intimate  contact  with  the  facings.  They 
are  then  more  effective  in  reducing  failed  facing  stiffness. 
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DISCUSSION  OF  RESULTS:  (Continued) 

With  type  0  unsupported  tape  the  fractures  are  irregular  and  the  moment 
of  the  applied  force  changes  sharply  and  abruptly* 

the  rubber  based  adhesives  are  brittle  adhesives  below  their  freezing 
(second  order  transition)  point ,  about  +28°F,  the  usual  force  reading 
with  AF  32  at  -65 °F.  has  been  about  eight  pounds.  To  test  the  above  ob¬ 
servations  ,  two  layers  of  AF  32  film  were  bonded  between  2024-T3  Alclad 
facings  with  a  layer  of  scrim  cloth  next  to  each  facing.  When  tested  at 
-65°F.  the  force  reading  was  28  pounds.  The  moment  was  measured  as  .35 
inches,  the  product  of  the  force  and  its  moment  is  9*8  inch  pounds . 

When  the  peeling  load  is  applied ,  the  inner  surface  of  the  metal  facing  is 
stretched.  The  expansion  joints  due  to  the  glass  threads  may  relieve  some 
of  the  stresses  which  result  from  this  strain  in  the  facing.  It  is  possible 
that  such  joints  allow  a  better  distribution  of  loads.  Neither  of  these 
possibilities  can  be  confirmed  by  data  available  at  the  present  time. 

In  the  flexible  range  of  an  adhesive  very  small  changes  in  the  strength  of 
a  bond  result  in  large  changes  in  the  moment  of  the  applied  force.  This 
gives  a  large  magnification  Of  the  changes  in  the  quality  of  a  bond  in 
terms  of  force.  The  standard  T-peel  tests  are  therefor  excellent  quality 
control  tests.  Simultaneous  measurements  of  force  and  its  moment  would  be 
required  for  design  information.  Such  simultaneous  measurements  of  accept¬ 
able  accuracy  would  require  the  use  of  photography.  The  information  may  be 
obtained  more  easily  by  direct  measurements  of  mechanical  properties. 


NOTE:  The  original  data  upon  which  this  report  is  based  is  in  Structures  and 
Materials  Laboratory  Notebook  No.  987. 
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TABLE  I 

Tensile  Strength  in  Tension 


Ider  * 

Film 

Time 

Cure 

Temp. 

Fie  s  s  ure 

Test 

Load 

Data 

Area 

Load 

Avg 

tifica 

(min) 

Op 

(PSI) 

(Lbs) 

Sq.In. 

(PSI) 

tion 

1 

FM  47 
•  05#(2) 

60 

520 

100 

6640 

.904 

7570 

2 

It 

tt 

tt 

tt 

9200 

.904 

10020 

3 

M 

tt 

It 

tt 

8080 

.873 

9250 

4 

n 

it 

ft 

If 

8660 

.890 

9750 

9098 

5 

FM  47 
Type  0 

60 

320 

100 

8040 

.864 

9320 

6 

If 

ft 

tt 

tt 

6400 

.890 

7180 

7 

it 

It 

If 

ft 

8850 

.904 

9800 

8 

it 

ft 

tt 

tt 

6600 

.836 

7900 

8550 

9 

FM  47 
.05# 

60 

300 

loo 

6750 

.950 

7120 

10 

tv 

ft 

tl 

tt 

6660 

.950 

7020 

11 

h 

ft 

It 

tt 

6500 

.950 

6850 

12 

if 

ft 

tt 

tt 

6480 

.950 

6850 

6960 

13 

AF  52 

60 

325 

100 

• 

mi 

s 

14 

ft 

Vf 

ft 

tt 

2100 

.950 

2210 

15 

ft 

It 

tit 

It 

2050 

.960 

2160 

16 

If 

tt 

tt 

tt 

2100 

.950 

2210 

2193 

Specimens  1,2,  3,  and  4*  Two  layers  of  .05  Lb/ou.ft.  FU  47  film  used.  One 
layer  of  film  used  on  all  Others. 

cubes 

Specimens  were  prepared  by  bonding  two  1"  x  1*  x  1”  aluminum  alloy/together— 
MIL  STD  401  A  15  June  56,  per  5.2 .3.1  and  _ 

Fig  V  page  19.  j 

See  sketoh  right,  below  j  — 

Test  temperature  i  Room  Temperature  I  .  — p  - - - 
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Icen-  Facings  Glue  line 
tifica-  (inches)  Thickness 


T  A  BILE  II 

T-Peel  +190°F  to  »  80°F 
Single  layer  of  film 


tion 

Sll 

S25 


( inches ) 
.008 


Test 

Temp 

op 

-80 

=60 


S17  "  "  -40  16 

S12  "  "  -20  12 

33.6  "  "  0  20 

S24  "  "  +10  18 

53  "  "  +20  22 

54  "  *  +32  80 

S14  n  "  +75  22 

S22  "  "  +120  32 

S20  "  *  +130  50 

S7  "  *  +140  40 

S2  "  "  +160  44 

S9  "  "  +180  41 

After  mac nine  Stopped *1  min.  23 

•S3 5  » 020  .008  +190  38 

After  machine  stopoed,  1  min  34 

X  .064  .011  +185  go 

All  specimens  one  inch  wide. 

S  numbers: 

Facings  -.020"  2024  T3  Alclad 
Adhesive  «  1  layer  .05#/sq  rt  FM  47  film 
Bonding  -  60  min  x  320°F  x  100  psi 
X 

Facings  -  .064"  2024  T3  Alclad 
Adhesive  -  1  layer  Type  0  Fm  47  film 
Bonding  -  60  min  x  320°F  x  100  psi 

Rate  of  peel:  5  inches/minute 
Cooling:  Immersion  in  methyl  and  isopropyl 
alcohol  cooled  to  test  temperature  with 
solid  carbon  dioxide. 

Heating:  Immersion  in  water  heated  to  tost 
temperature. 

Soak  time:  10  to  15  minutes. 

Tested  immersed. 


d 

( inches ) 


F  x  d  Failure 


8.8 

9.8 

9.6 

12.0 

9.6 

10.0 

9.0 

11.0 

9.0 

10.56 

9.6 

7.5 

9.2 

11.0 

11.0 

8.5 

7.6 
11.3 
90.0 


Fracture 

it 


Creep  rupture 

it 
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TABLE  III 

T-Feel  -  90®P  to  f-  190°F 
Double  Layer  Adhesive  Film 


IdeiW 
tifi  ca¬ 
tion 
S31 
§34 
^  345 
S44 


Facings  Glue  line 
(inches)  Thickness 
( inches ) 
.020  .015 


T°F 

(test) 


S49  " 

After  machine 
352  *020 

343  " 

329  " 

330  " 

After  machine 

S3 9  *020 

After  machine 
S42  .020 

After  machine 


stopped 

015 

H 


stopped 

015 

stopped 

015 

stopped 


+110 
1  min* 
+120 
+130 
+140 
+160 
1  min 
+180 
1  min 
+190 
1  min 


Force 

(F) 

Pounds 

19 

29 

25 

29 
16 
27 

25 

26 

25 

30 
34 
55 
55 
40 
53 

44 

53 

45 
60 
66 

54 
50 
45 

26 
47 
22 


d 

(inches) 


All  specimens  1  inch  wide 
Facings  -  .020"  2024  T3  Alclad 
Adhesive  -  2  layers  .05#/sq  ft  FM  47  film 
Bonding  -  60  min  x  320°F  x  100  psi 
Rate  of  peel  -  5  inches/minute 
Cooling  -  Immersion  in  methyl  and  isopropyl 
alcohol  cooled  to  test  temperature  with 
solid  carbon  dioxide 

Heating  -  Immersion  in  water  heated  to  test 
temperature 

Soak  time  -  10  to  15  minutes 
Tested  immersed 


F  x  d 


9.5 

14.5 

11.2 

8*7 
11 .2 
10.8 
10.0 
13.0 
10.0 
12.0 
12.9 
12*2 
12*2 
11.2 
12*16 
12.3 

10.6 
11.2 

9*0 

8.2 

15.5 

10.6 
11.2 

8.2 

9.4 

7.7 
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Failure 


Fracture 


Mod. Creep  Rupture  * 

•ten 

Creep  Rupture 
m 


♦Moderate  amount  of  oreep 
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TABLE  IV 

Room  Temperature  T-Peel 


Line 

Film 

Layers 

Facing 

Force 

Moment 

F  x  d 

Thickness 
( inches ) 
.005 

FM  47 
*03# 

1 

Thickness 

(inches) 

.010 

(F) 

(pounds) 

16 

(d) 

(inches) 

.2 

5*0 

*008 

II 

2 

.010 

20 

.15 

3*0 

.011 

•  05# 

1 

.010 

24 

.13 

3.12 

.016 

«• 

2 

.010 

27 

.12 

3.24 

.004 

.03# 

1 

.020 

14 

.6 

6*4 

Idea* 

tifioa- 

tion 

1 

2 

3 

4 

5 

6 

7 

8 
31 
36 
314 
319 
36 
SB 
SlO 
318 
321 
523 

326 

327 
333 
340 
S46 
SSI 
335 
S46 

9 

10 

11 

12 


Bonding 

60  min  x  320*F  x  100  pel 
Rate  of  peels  S  inohes/min 
Teat  Temp,  s  70*F  to  80*F 

Facing  material 

2024  T3  Aided 


.26 

*36 

.26 

*48 

*48 

.48 

*47 

.45 

*46 

.47 

*47 

*45 

.45 

.45 

*33 

.3 

.4 

.42 

*35 

.39 

.4 

2.2 

2.1 

1.6 

1.25 


10.75 
10.15 

11.5 
10.8 
11.52 
10.56 
14.81 
10.8 
11*7 
11.7 
11.28 

11.7 
11.25 
11.25 
10.89 

11.4 

12.0 

11.76 
12.2 
12.87 

12.6 

30.8 

31.5 
35.2 
38.75 
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TABLE  V 

Drum  Feel  Teats 


xaen.- 

Glue  line 

Film 

Layers 

Arc 

Gap 

Machine 

Av.  Load 

dorr.* 

tifica- 

Thickness 

(inches)  ( inches ) 

Head 

(pounds) 

Load 

tion 

(inches) 

Travel 

(pounds ) 

FM  47 

"5 

(in/min) 

A 

B 

C 

.003 

.003 

.007 

.03# 

* 

W 

1 

1 

2 

4»  S 

1  3 

6 

-  § 

t  3 

.6 

.5 

*5 

211.5 
188.7 

288.6 

204 

181.2 

281.1 

D 

.007 

n 

2 

Ji 

A 

.5 

277 

269.5 

1.0 

.05  -  .8 

.04 

255.6 

248.1 

1.0 

.06 

.02 

260.7 

253.2 

1.0 

.05  -.8 

.02  -  .1 

262.4 

244.9 

Comp.  ! 
Torque 


Type  0 

AF  32 

9 


.1  -.16 
.1  -as 


247  239.5  39.9 

254.4  246.9  41.1 

286  228.5  38.1 

200  192.5  32.1 

227.5  220  37 

210  202.5  33.7 

149  141.5  23.6 

135  127.6  21.3 

856  847.5  141.2 

656  647.5  107.9 

624  613.5  102.2 


Top  akin t  .020*'  x  3"  x  12"  2024T3  Alclad 

Bottom  skint  .125*  x  3*'  x  8*  A1  Aly 

Bonding t 

Specimens  A  to  D  and  I  to  M  60  min  x  320°F  X  100  pal 
Specimens  8  to  1  90  min  X  320°P  x  100  pal 
Test  Temperature  t  Room  Temperature 

Blankt  (.020*  x  3"  X  12*  2024  T3  Alolad)  7.5  pounds  load 


Rj j  2.5  inches 

Rgt  2.0  inches 

Specimens  ¥  and  N  tested  for 
comparison,  tf  82  is  a 
rubber  based  adhesive. 

♦corrected 
e#  computed 
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1.  Hywihook  for  Adhesives .  Bloomingdale  Rubber  Co.,  Chester,  Pa. 

Pro desses  for  Bond inf  -  Section  1 

Properties  of  Metal  to  Metal  Bonds  -  Section  2.2 

2*  4NC^23  Sandwich  Construction  for  Aircraft. 

Part  II,  1955,  Air  Research  and  Development  Command* 

Summary  of  test  results  in  evaluation  of  FM  47  (Glenn  l.  Martin  Co* 
Engineering  Report  4265-7)  -  Col*  11,  Table  2-3,  page  44. 

3*  handbook  of  Chemistry  and  Physics .  Chemical  Rubber  Publishing  Co., 
Cleveland,  Ohio. 

Variation  of  Temperature  with  Altitude,  page  3127. 
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